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above the slab to form the side rail. Girder bridges are economical 
under the usual conditions for spans of from eighteen to thirty-five feet ; 
for longer spans an arch bridge will probably be more desirable. Gir- 
der bridges have been built for spans as great as sixty or seventy feet; 
these larger structures, however, should be specially designed, and we 
have made no attempt to include such unusual structures in the standard 
tables given in these bulletins. 

CLASSIFICATION BY LOADINGS. 

• Highway bridges must be designed to safely carry the heaviest load 

likely to come upon them, and as this maximum load varies with the 
locality we have arbitrarily adopted three standard classifications by 
loadings, which should cover all usual conditions. 

Tn short span bridges, such as we are now considering, the con- 
centrated load- are the determining factors in the design — the uni- 
formly distributed loads usually specified (ioo to 150 pounds per square 
fool ) causing smaller stresses. 

Class No. 1 — Light highway specification answering the purposes 
of ordinary county traffic where the heaviest load may be taken as a 
twelve-ton road roller. Uniformly distributed load, 100 pounds per 
square foot. 

Class No. 2 — Heavy highway specification, designed for localities 
w here heavy road rollers, up to twenty tons, and electric cars of a maxi- 
mum weight of forty tons must be provided for. Uniformly distributed 
load, 125 pounds per square foot. 

Class No. 3 — City highway specification, designed for heavy con- 
sent rated loads and large interurban cars. This classification should 
be adopted for all city work ; the weight of the maximum car has been 
taken as sixty tons. Uniformly distributed load, 150 pounds per 
square foot. 

LOAD DIAGRAMS. 

The following diagrams represent the loadings adopted in the above 
classifications and used in the design of the culverts and bridges shown 
in this bulletin : 
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Fig. 1. Standard Car, Class No. 2—40 tons on eight wheels. 
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Fig. 4. 

The trapezoid abed represents the amount of fill considered as sup- 
ported by the culvert; assuming the weight of the fill to be ioo pounds 
per cubic foot we ma\ write 



1 2 s+d\ 
Dt=lOOd( = S od{ 2s + d) 



where D f =load on 12" length of culvert due to fill. D f will be con- 
sidered as a uniformly distributed load across the culvert. 

To obtain the total dead load add the weight of a 12" strip of culvert 
top, also the weight of paving or track system. 

LIVE LOADS. 

A uniform 1\ distributed load shall be considered as causing the 
specified pressure per square f <>t on the bridge regardless of depth of 
fill. 

iin'mum fill of twelve inches is required on all bridges. 

\\ heel or road roller concentrations shall be considered as acting 
"ii a line whose length equals the out to out tread of the wheels. 

Loads on car tracks shall be considered as uniformly distributed over 
a width of roadway equal to the length of the ties and in the direction 
of the track for a distance of two feet on both sides of single wheels 
and for a distance of the wheel base plus two feet for trucks. 

The above distribution of load is at the level of the roadway. The 
following methods of finding the loads on the bridge itself are sug- 
gested : 
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Wheel Loads on Roadway— Assume distribution of load by 
fill to be only in the direction of the roadway and to be carried down 
on a slope of Vi to I. The following diagram. Figure 5. showing the 
distribution of road roller concentrations, illustrates our method. 
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With this arbitrary distribution 

^ of loading: it will be noted that for 

-jj a strip, the width of the front 

wheel, the loaded areas overlap 



* when the depth of fill is greater 
than the distance between axles. 
In this case, consider the load as 
uniformly distributed over an area 
of slab /6" wide by ( d-\- 1 To") 
long. 
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Fig. ."). Showing Distribution of Loads 
due to Road Roller. 

Wheel Loads on Tracks — See distribution by track system, 
page 81. These loads will be considered as distributed in a manner 
similar to that adopted for wheel load- on the roadway, excepting that 
the distribution will be assumed to be in both directions. It should, 
however, be borne in mind that on double track slab bridges the width 
1) considered as supporting one track can not be taken as greater 
than the distance c. to c. of trac' 

Impact— When the fill is less than five feet add 2 5'v for impact 
for rapidly moving loads. 

The following diagram (Fig. 6 3 the assumed distribution of 

dard truck load, fortv-ton car. 
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Treatment of Loads for Girder Bridges-TIa distribution of 
loads through the rill will be a- above outlined; in this type of bridge 
however, the girders must be so locate,! as to properly take care of 
the track loads. The girders under the track, being assumed to carry 
the full load. 

Abutments and Side Walls-] or the design of abutments 

1 side walls take the horizontal component of the earth pres- 

hird of th e vertical pressure at that depth, assuming the 

resultan1 '" act nee one-third the height above the base. The 

mtensit ) of ,lu horizontal press to live load may also I 

equal to ertical intensity at any depth ; assuming that 

e, boundii pporting ■ earth to 

a slop* of on< half to one. 

Weights and Dimensions of Electric Cars— The weights 
assumcd for l!!< cars in the preceding classification may 

hould be remembered that the stresses in 
bridj I not only on the weight of the car, but also on the wheel 

base, distance between trucks, etc. The dimensions vary with the 
localit) and the weights and dimensions chosen are, in our opinion, 
justified. 

[f ,( ]s desired to m ike a special design the following data on electric 
be of use. The values given must be taken as approxin 
The v vcii are for the loaded car 

ght of the trur 

uch as are used in small towns, four wheels on 

vight person^ „>dy, 2 o'< > >V er all 

th, 20/0" : distance c. to c. axles, 8'o" ; weight, 1 i 1 

for heavy service, seating fifty-two persons. Car body, 
»ver all length, 4/0"; wheel base, 40" to h'o" ; c . to c. 
. weight, f; to 

Larg< interurban cars, seating - Carl ;y, 5o'o"x8'6" ; 

- ' ' : c. to c. trucks, 3o'o"; weight, 

4_' t< 'ii-. 

METHODS OF DESIGN. 

Having found the loads 1 n the bridge by the methods above outlined, 
the he nding moments and shears are obtained by the ordinary principles 
echanics. All bridges of single span will be considered as beams 
freely supported at the ends and the bending moments must be figui 

on this assumption. 
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Box culverts, however, are reinforced against reverse moment at 
the ends and the designing moment may be taken as eight-tenths of that 
which would be developed in a simple beam. 

All bridges and culverts will be designed on the basis of ultimate 
strength with a factor of safet\ of two on the dead and four on the live 
load, the minimum designing moment, however, to be taken as three 
times dead load plus live load moments. The elastic limit of the steel 
has been taken as 50,000 pounds. 

The above method of designing gives a maximum working stress in 
the steel of about 16,500 pounds per square inch. 

Nnce it is desirable to use local materials, and a dense hard aggre- 
gate may be difficult to obtain, the ultimate compressive strength of the 
concrete will he taken as 2,ooo pounds per square inch. This com- 
pressive strength should be easily obtained with average aggregates 

Using a I :2 '.4 mix. The critical amount of reinforcement corresponding, 
using steel with an elastic limit of 50,000 pounds would be .0085 bd. 

Girder Bridges — For single span bridges figure the inside 
girders as T-beams ; in this case the cross section of the reinforcement 
should not exceed 2 x / 2 % of the area of the rectangle inclosing the stem 
For bridges with two or more spans the girders mould he fig- 
ured as continuous rectangular beams and provision made for reverse 
moment over the supports. 

Percentage of Reinforcement — Use .85$ of reinforcement in 

slabs and rectangular beams for concrete of 2,000 pounds compressive 

strength. In T-beam designs limit the amount of reinforcement to 

of bd. These figures are based on the use of mechanical bond 

with an elastic limit of 50,000 pounds per square inch. 
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Figure 7. Rectangular Beam. 




Figure 8. T- Benm. 
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FORMULAE TO BE USED IN DESIGNING. 

Let Af=moment of resistance of section in inch lbs. 

.Vo— ultimate moment of resistance of section in inch lbs. 
</=area of reinforcement, 
/►^percentage of stee\=g^-bd. 
/-==elastic limit of steel=so,ooo lbs. 

All dimensions as shown, in inches, and stresses in lbs. per sq. in. 
Then we have for rectangular beams : 

M =$70 bd 2 for ^=.0085 bd. 
and for T-beams : 

J/o=.86 Fp bd 2 =.S6Xso,oooXp bd 2 . 

=43,000 p bd 2 , using- high elastic limit corrugated bars. 

For complete discussion of these formulae, see May and June bulletins.) 

WORKING STRESSES. 

If it is desired to design for working stresses in the steel, use the 
formula : 

Af=sqX.86 d, where s=unit stress in the steel. 

Shearing Provisions — In flat slab bridges it will not be necessary 
to make other provision for shearing stresses than by bending up part 
of the main reinforcing bars as required. 

In girder bridges, however, special provision must be made against 
failure by diagonal tensile stresses, as the girders carry all the shear. 
The concrete may be assumed to carry safely fifty pounds of vertical 
shear per square inch of cross section (bd). In girders some of the 
n-inforcing bars should be bent up near the ends of the beam and stir- 
rups put in as required. 

In all T-beam designs it is especially necessary to have a number of 
stirrups for the purpose of bonding the flange and stem. 
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The percentage of elongation in 8" must not be less than given 
by the formula : 

Percentage of elongat.on= ult Strength -5 ' 0, 

Bending Test — Bars as rolled shall bend cold, 90 degrees, to a 
radius=three times the least diameter of the specimen, without sign 
of fracture. 

Forms — Forms must be smooth and true to dimensions, with 
close joints to prevent leakage, and must be of sufficient strength to 
carry the load without appreciable deflection. 

Removal of Forms — The time of removal of forms should be 
left to the discretion of the engineer, as the time required for the con- 
crete to gain sufficient strength is dependent upon temperature and 
weather conditions and on the particular cement used. Forms for slabs 
should not be removed in less than two weeks under the most favorable 
conditions ; girder forms should not be removed in less than three 
weeks. 

Mixing— Machine mixing is to be preferred in all cases— hand 
mixing to be allowed at the discretion of the engineer. Concrete for 
reinforced work shall be mixed wet, sufficient water being used to make 
a mass that will flow readily and be of such consistency that the rein- 
forcing steel will become coated with a protective coat of fluid mortar. 
Excess of water should be avoided, as it tends to a separation of the 
parts. 

Placing — In girder bridges and in all T-beam designs the con- 
crete must be placed the full depth (to the top of the slab) at one 
operation. If possible the work should be carried on continuously to 
completion. 



87 



H HK1I 






f r , t.lf ti 


















Road Roller— Maximum moment occurs with rear wheels at 
center of span. Load on rear wheels equals two-thirds of 40,000 
pounds=26,700 pounds. This load as previously explained (see pag< 
acts on a line 76" long ; the distribution on the slab is shown by the 
following diagram (Fig. 10) ; the broken lines indicate the area of slab 
over which the load is distributed. 
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Figure 11. 
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The load per square foot on area 2o"X/6'- ' =1,780 lbs. 

2 A/. 5 



I )n a strip of bridge 12" wide, the load would be as shown by 
Figure 1 1 . 

Maximum moment at center of span, on strip 12" wide, 

=^=(1,780X8)— (i,78oXj£) = i3,400 ft. I 

= 161,000 inch lbs. 
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Electric Car— The maximum moment occurs with one truck 
i span. Distribution of load on slab is as shown by diagram 
assuming ties to be eight feet long. 
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The full line shows area over 
which truck load is distributed by 
track system ; the broken lines 
Indicate loaded area of slab. 

Load per square foot of loaded 
a re a =40, 000-^90=44 5 lbs. 



The load on a strip u" wide would be as shown by the following 
diagram, Fig. [3 : 
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Mom< ' -(2,000,' s 11 ,500 ft. lbs. 

=138,000 in. lbs. 

Adding 8>0 oo in. pounds. 

Tms I du< to the road roller and we Will 

! two On llu- dead load and four Ml the 
ave 

Ulti ment, dead load=2X 161,000= 322,000 in. lbs. 

hve ' =4X172,000= 688,000 " 

Designing moment =.1/ = 1,0 10,000 in. lbs. 
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We can determine the depth of slab and the amount of reinforcement 
required by the formula: 

Mo=370 bd 2 , for ^=.0085 bd. 
. 1/0=1, oio,ooo=37oXi2X/ 2 . 
from which ^=15" 

^=.0085X12X15=1.53 sq. in. 

d— distance from top of slab to the center of the reinforcing bars, 
we will add I.j4" of concrete, giving i"on underside of bars. 

Make slab l6j^" thick; 1" corrugated rounds spaced 6" centers. 
Bend up every third bar at the sixth point, say 2'6" from the abutments. 

Transverse Reinforcement— To properly distribute concentrated 
loads and to tie the bridge in the transverse direction y 2 " corrugated 
rounds will be placed (over the main reinforcing bars) crosswise of 
the bridge, and 12" on centers. 

Shearing Investigation— The dead load shear on a strip 12" wide 
is 3,400 pounds. 

The maximum live load shear occurs when the rear wheels of 
the road roller are 12" inside the abutment, and is equal to 

3^O_S =3340lbs . 

ID 

Total shear=3.400+3,340=6,740 lbs. 

At the allowed stress of fifty pounds the concrete alone is capable 
of carrying 12x15x50=9,000 pounds of vertical shear. This would 
indicate that no provision for shear need be made ; every third bar will 
be bent up, however, as stated. 

Side walls for retaining fill It will not be necessary to figure these. 
They will be made 12" thick and reinforced as shown. 

Waterproofing— Some form of waterproofing should be used and 
the top surface of the slab arranged for drainage. The top surface of 
the slab will be as shown on the drawings. 

Bearing on Abutments— All concrete bridges resting on abut- 
ments shall have at least 12" bearing: a maximum pressure of fifty 
pounds per square inch will be allowed for slab bridges, 
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BOX CULVERTS. 

Box culverts will be built monolithic and reinforced against reverse 
moment at the corners. The methods suggested for designing tin- 
type of bridge will now be illustrated by a detailed design. 

Problem — Conditions of span and loading as before, side walls to 
be eight feet high. 

Design of Top Slab — The live and dead load moments will 

be figured as in the preceding example. For the designing moment, 
however, use eight-tenths of the moment that would be developed if the 
ends were free. 

J/o, then=-roX 1,010,000 in. lbs. =808,000 in. lbs. (ult.) 

Solving for d and q as before, we have 

^=13.4" and #=1.36 sq. inches. 

Make slab 15" deep and use 1" corrugated rounds 7" on centers. 

Outside corner reinforcement use one-half the amount of steel re- 
quired in slab and fillet the corners as indicated on drawings. 

Bottom Slab — Make same as top slab. 

As before transverse reinforcement will be required and bars will be 
introduced as indicated on the drawings. 

SIDE WALLS. 

In addition to supporting the top slab the side walls must be capable 
of resisting the horizontal pressure of the earth. This moment is of 
opposite sign to that produced in the side walls owing to the rigid con- 
nection with the top and bottom slabs. As before we will take the de- 
signing moment as eight-tenths of that which would be produced in a 
beam free at the ends. 

The horizontal intensity of earth pressure will be taken as one-third 
of the vertical intensity. The horizontal pressure due to the live load 
will be based on a uniform load of 450 pounds per square foot on the 
roadway. This will give a horizontal pressure of 150 pounds per 
square foot, regardless of depth of fill, and should be ample to cover all 
contingencies. 

•J3 
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The inclined broken line repre- 
sents the intensity of the horizontal 
earth pressure at any point. 



100X3.3 1K 

a= ^=110 lbs. 

3 

, 100X11.3 „ 

b= —^=375 lbs. 



Fijrur«- 14. 



Average =242 lbs. 



It will be sufficiently accurate to assume this average pressure as 
uniform over the side wall. 

Average load per □' then=242 Ibs.+iSO lbs. =302 lbs. 

M=l a"/-'=iX392X8 2 =3,i3oft. lbs. 

Using a factor of 3 on dead and live load, we have an ultimate 
moment of 

3X3,i3oX 12=1 12,500 inch lbs. 

Designing moment=J/.= ft X \ 12.500=90,000 in. lbs. 

In all box culverts the side walls will be made the same thickness 
as the slab; d. then, would equal 13.4". 

The amount of reinforcement required would be 

90,000 



808,000 



1 .36=. 1 S Mjtiare inch. 



corrugated rounds, 14" on centers. 

The spacing of the 1 idc walls should be a multiple of 

icing of the main reinforcing bars in the top slab, a« this facilitates the 
placn 

in of the culvert direct!) below 
f one-hall d on either side, bai 
eid these Limits the stresses due to dead load de< 1 
USUall) being one and one-half to one. If desired the 

- tnent and thickm duced 

\S Of thl Cull 1 
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Longitudinal reinforcement should be used in all culvert construc- 
tion. On account of unevenness in the supporting power of the earth 
and similar causes, box culverts often must act as beams spanning these 
weak places. Wing walls with large footings and slabs to prevent 
scour, when built monolithic with the culvert sometimes produce a bend- 
ing moment in the whole structure, owing to the uneven soil pressure 
occurring under these conditions. 

Aprons — Box culverts should be provided with aprons to prevent 
scour, and the wing walls should be figured as retaining walls. 
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GIRDER BRIDGES. 

The following detailed design will illustrate the application of the 

methods advocated to the design of a girder bridge: 

Problem— Design a girder bridge, resting on abutments; clear span 
32V ; earth fill 15" deep. Bridge to be 240" wide in the clear, with 
two 40" sidewalks and car track on center line. Class 2 loading. 

The cross section of the bridge will be as shown on Fig. 15. 




Fig. 16. 

Floor Slab — The minimum thickness of floor slabs will be 
taken as 5". This thickness of slab should take care of extraordinary 
concentrated loads such as might be caused should a car be derailed on 
the bridge. 

To provide for such contingencies all slabs for girder bridges will 
he designed for a live load of 500 pounds per square foot, in addition 
to weight of slab and fill, using a factor of two on the dead and four on 
the live load. 

Moments will be figured by the formula Af=iV wl 2 f since the slabs 
are continuous over three or more supports; /=distance c to c of 
beams. 



DESIGN OF SLAB. 

Dead load per square foot : 

Slab, i%Xi50= 62 lbs. 
Fill, +|X 100=125 " 



Total, 187 lbs. 
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Girder Gl — This girder will be figured for the dead load and a 
live load of 125 pounds per square foot on the walk. 

Dead load on girder : 

Sidewalk, ^2X150X2^X32= 4,000 lbs. 
Fill, f2-XiooX2^X32= 7,350 " 

Slab, AX 150X2^X32= 5,000 " 

Girder (assumed I2"X36") =14,400 



Total =30,750 lbs. 

Dead load moment=i Wl=iX 30,750X33=127,000 ft. lbs. 

Live load, 125 lbs. per square foot. 

Live load on girder= 125X2^X33=10,000 lbs. 

Live load moment=i lVI=iX 10,000X33=41,200 ft. lbs. 

To get the designing moment, use a factor of 2 on dead load and 
4 on live load, minimum to be, however, $(d. /.+/. /.) 

^ =3( ! 27, 000+ 4 1, 200) X 12=6,050,000 in. lbs. 

Applying the formula M =370 bd 2 , and taking £=12", we find 
that d=37"; ^=.0085 ^=3.76 square inches. 

We will make girder 12" wide and 40" deep, using five 1" 
rugated rounds and bending up two bars as shown, at a point 40" from 
each abutment. 

Shearing Provisions— The maximum external vertical shear at 
the end of the girder, due to full live and dead loads equals 20,375 
pounds. 

In all girder designs the concrete will be assumed as capable of 
carrying 50 pounds of vertical shear over the cross section bd. 
Accordingly, if r" c =total shearing value of the concrete, we have: 

^=12X37X50=22,200 lbs. 

This would indicate that no special shearing provisions are neces- 
sary. It is advisable, however, in all cases to make some shearing pro- 
visions, and we will use U-shaped stirrups of J4" corrugated rounds, 
spaced 18" throughout the length of the girder. 

Girder G2 — This will be designed for the average of the stresses 
in girders Gi and G3, so we will accordingly figure girder G3 first. 
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Girder G3 — Class 2 loading requires that the design be based 
nn the maximum stresses produced by either a twenty-ton road roller 
or a forty-ton electric car. (The alternative live load of 125 pounds 
per square foot causes much smaller stresses than the concentrated 
loads.) 

The two girders G3 will be designed to carry the total car load. 

Each girder may, however, carrj two-thirds of the road roller con- 
centrations; the full load on the front wheel and one-half of the load 
on the two rear wheels. 

All interior girders on single span bridges should be figured as T- 
beams. 

Dead load on girder: 

Fill, 1 -j X 100X5X32=20. (kh) lbs. 
Slab, A X 1 50 X 5 X 32= 1 0,000 
irder (assume 450 lbs. per ft.) =14,400 

Total =44,400 

Dead load bending moment : 

M=i 07=4X44,400X33=183,000 ft. lbs. 

Live Loads — Maximum moments <\ui- to road roller . 

We will assume that onl) one road roller will be on the bridge .11 

The maximum load on one girder then ma\ be repre- 

utrated I 1 pounds each, 1 1 '<>" on ccn- 

The maximum moment 

will occur with one of the loads 

2 Q ' off center of span, a^ 

shown by Fig. [6. 

Since the fill is but 15" deep. 
the effect of the fill in di 
buting the loads w ill be 
lected in determining the mo- 
ment 1 mi the girder. 

H,IOO lb.. 
33 

53,000 ft. lbs. 
Ma -mi due to electric 

load by tra< 




. 



The maximum moment will occur with one truck at tlu* middle of 
the span, the other truck being off the bridge. (Two cars following 
each other will, for this span, produce practicall) the same momenl as 
one car. Sec sketch of standard fort) ton car on page 79 






The loading for maximum 
moment will be as shown by 
Fig. 17; where the load given 
is that on one girder 

M = ( 10,000 X \6yi ) — ( 10,000 
Xi.7s) = i47.50o ft- lbs - 



Fig. 17. 



To this static moment add 2^ for impact for rapidly moving loads, 
giving a moment of 184,000 foot-pounds. 

The maximum moment then due to the specified live loads is 184,000 
fo< >t-pounds. 

Designing moment : 

J/„=((2X 183,000) + (4X184,000)) 12=13,224,000 in. lbs. 

For the design of T-beams we will use the formula 

M Q =.S6 Fp bd 2 =43 f ooo p bd\ using high elastic limit corrugated 
bars. See page 85. 

Assume d=$2" and £=14", we then have 

^/ =i3,224,ooo=43,oooXi4X32 2 X^ 

from which ^=.0215 

^=.0215X14X32=9.65 square inches. 

We will make tin- girder 36" deep over all and use eight 1%" cor- 
rugated rounds. 

For this length of beam there is no danger of failure by horizontal 
shear along the horizontal or vertical planes of attachment of the stem 
to the flange. The distance between beams is 5V, and the amount of 
reinforcement used=.02i5 bd, where b=l4"; corresponding to an 
average percentage of reinforcement for the full width of slab of one- 
half of 1%. This indicates that there is ample width of slab between 
beams for T-beam action. 
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Should it be desired to include that part of the vertical shear 
assumed to be carried by the bent up bars the formula becomes 
_ .86 dP . 

>-y-(K+v.y mvfhich 

r s =amount of vertical shearing- stress carried by bent up 
bars. 

The following- table gives the data necessary to determine the 
required stirrup spacing", neglecting the effect of the bent up bars: 

Stirrups— LT-Shaped, %" Corrugated Rounds, .P=6,o8o. 



_. , , I Vert. Ext. 
Distance from Sh 

Abutment. y^ 


/' V— v c 


Required 
Spacing, 

y- 


O 42,200 
^.400 
4 33,200 
6 28,400 
8 24.200 
12 16,100 


22,400 

2 J. 4OO 

J J. 400 

2 J. 400 
22,400 
J -'40O 


I9,800 

l6,000 

I0,800 

6,000 

I,800 


8.4" 

IO.4 

27-9 













We will make spacing- nine inches for a distance of six feet from 
the abutment, increasing- the spacing to eighteen inches beyond this 
point. 

Bent Up Bars — Bend up two reinforcing bars at a point 6'6" from 
abutment, and two additional bars 3V from abutment. 

Girder G2 — In designing this girder we will take the average 
of the moments in girders Gi and G3. 

Mo, then=>^( 6,050,000+ 1 3,224,000) =9,637,000 in. lbs. 

This girder will be made the same size as G3 ; the amount of rein- 
forcing steel required may be determined by the formula 

M =s ?X.86X d 
9,637,000=50,000 gX. 86X32 
from which q=7.o square inches. 
Make girder 36"xi4" as before, using seven i}i" corrugated rounds. 
Bend up one bar 6'6" from end and two bars 3'3" from abutment. 
Stirrups: use J / 2 " corrugated rounds same spacing as in G3. 

Bearing of Bridge on Abutment— In order to properly distri- 
bute the load and provide for sufficient bearing area the bridge 
will be made solid for the full depth of the girders, where it rests on the 
abutment. This construction is desirable on all girder bridges, owing 
to the rigidity and general stiffness given by the solid end. 
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We will bend up two reinforcing bars at a point fo" from abutment, 
and two additional ,V h " from abutment. For a distance then of fo" 
from the abutment we would haw two i'i" corrugated rounds, at a 
slope of 3 to 2, carrying their share of vertical shear (figuring same 
on a basis of a direct stress of 12,000 pounds per square inch) of 16,200 
pounds. Beyond the fo" point vertical stirrups must be provided to 
carry the excess shear. 

The following table gives the values for the shear at various sec- 
tions and data determining the stirrup spacing : 

Stirrups— [Shaped, H" Corrugated Rounds, /=9,6oo. 



Distance 

from 

Abutment. 



Vert. Ext. 
Shear 
= V. 



4 
6 

7 

8 

12 

16 



42,200 lbs. 
38,440 lbs. 
33,200 lbs. 
28,400 lbs. 
26,200 lbs. 
24,200 lbs. 
16, 100 lbs. 
10,000 lbs. 



22,400 lbs. 
22,400 lbs. 



/ - 



V-{V e +V % ) 



Spacing=j 
0.86 d P 



16,200 lbs. 3,600 lbs. 
16,200 lbs. 



22,400 lbs. 16,200 lbs. 
22,400 lbs. 16,200 lbs. 
22,400 lbs.| 0.00 lbs. 
22,400 lbs. 1 0.00 lbs. 
22,400 lbs. j 0.00 lbs. 
22,400 lbs. J 0.00 lbs. 



3,800 lbs. 
1,800 lbs. 



7-3 



7 

6/f 



This would indicate that with Y%" corrugated round stirrups, a spac- 
ing of 7" is required at the end and at a point fo" out from the abut- 
ment. 

Space stirrups 7" on centers for a distance of 8'o", increasing spac- 
ing to 18" at the 12' point, and using this spacing to center of beam. 

Girder G3— In designing this girder we will take the average 
of the moments in girders Gi and G3. 

Mo, then=)4 (6,050,000+ 13, 224, 000) =9,637,000 in. lbs. 

This girder will be made the same size as G3 ; the amount of rein- 
forcing steel required may be determined by the formula 

M =s ?X.86X d 
9, 037,000=50, 000 ^X. 86X32 
from which g=7-0 square inches. 
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Make girder 36"xi4" as before, using seven i%" corrugated rounds. 
Bend up one bar 6'6" from end and two bars $'$" from abutment. 
Stirrups: use '_■" corrugated rounds same spacing as in G3. 

Bearing of Bridge on Abutment— In order to properly distri- 
bute the load and provide for sufficient bearing area the bridge 
will be made solid for the full depth of the girders, where it rests on the 
abutment. This construction is desirable on all girder bridges, owing 
to the rigidity and general stiffness given by the solid end. 



n»4 



• 



:t st &-'. 



:=«=t^ 



* • 



El 



Iroi 



di=fco=i 






EI 






1 







II 






